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ABSTRACT
Objective. To determine and evaluate the genetic diversity of six populations of red hybrid 
tilapia, with the purpose to assess the potential benefit of a future breeding program conducted 
at the Research Center for Aquaculture (Ceniacua), Colombia. Material and methods. A total 
of 300 individuals, representing a wide genetic variability, were genotyped using a fluorescent 
microsatellite marker set of 5 gene-based SSRs in 6 different farms belonging to 4 States of 
Colombia. Results. The result showed that the mean number of alleles per locus per population 
was 8.367. The population 5 had the highest mean number of alleles with 9.6 alleles, followed 
by population 4 with 9.4 alleles, population 2 with 9.2, population 3 with 8.0, population 1 with 
7.2 and population 6 with 6.8 alleles. The analysis of the distribution of genetic variation was 
(17.32%) among population, while among individuals within populations was (28.55%) and 
within individuals was high (54.12%). The standard diversity indices showed that population 4 
was the more variable (mean He=0.837) followed by population 1 (mean He=0.728), population 
3 (mean He=0.721), population 5 (mean He=0.705), population 2 (mean He=0.690), 
population 6 (mean He=0.586). Highly significant deviations from Hardy–Weinberg, exhibited 
all of the populations, mostly due to deficits of heterozygotes. Genotype frequencies at loci UNH 
106 of population 5 and loci UNH 172 of population 6 were Hardy-Weinberg equilibrium (HWE). 
Conclusions. The results of this study, contribute to the genetic breeding program of Tilapia, 
conduced by the Research Center for Aquaculture. The Fst distance showed that the samples 
are differentiated genetically and it is possible to use at the beginning of the genetic program. 
However, it is recommended to introduce others individuals to the crossbreeding program.
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RESUMEN
Objetivo. Determinar y evaluar la diversidad genética de seis poblaciones de tilapia 
roja híbrida, con el propósito de evaluar el potencial beneficio de un futuro programa de 
mejoramiento adelantado en el Centro de Investigación para la Acuicultura (CENIACUA), 
Colombia. Materiales y métodos. Fueron genotipados un total de 300 individuos utilizando 
un grupo de 5 microsatélites fluorescentes. Las muestras se tomaron en 6 fincas diferentes en 
4 departamentos de Colombia, representando una amplia variabilidad genética. Resultados. 
El número medio de alelos por locus por población fue de 8.367. La población 5 tuvo el 
número más alto de alelos por locus: 9.6, seguida de la población 4 con 9.4, población 2 con 
9.2, población 3 con 8.0, población 1 con 7.2 y población 6 con 6,8 alelos. Los análisis de 
distribución de la variación genética fueron de (17.32%) entre las poblaciones mientras que 
dentro de las poblaciones fue de (28.55%), y entre los individuos fue de (54.12%). Los índices 
de diversidad estándar mostraron que la población 4 fue la más variable (media He=0.837) 
seguida de la población 1 (media He=0.728), población 3 (media He=0.721), población 5 
(media He=0.705), población 2 (media He=0.690) y población 6 (media He=0.586). Todas 
las poblaciones mostraron desviaciones significativas de equilibrio de Hardy–Weinberg, debido 
principalmente a la falta de heterocigotos. Las frecuencias genotípicas de los locis UNH 106 de 
la población 5 y loci UNH 172 de la población 6 estuvieron en equilibrio de Hardy-Weinberg. 
Conclusiones. La distancia Fst evidenció que las muestras estan diferenciadas geneticamente 
y es posible usar esas poblaciones para el programa de mejorameinto genético, sin embargo, 
es recomendable introducir otros individuos.
Palabras clave: Diversidad genética, peces, programas de mejoramiento (Fuentes: AIMS, CAB).
INTRODUCTION
Cichlids are an emerging model system 
for studying a broad range of questions 
at the interface of organismal biology and 
genomics (1). Tilapias (Oreochromis spp.) 
are cichlid fishes, which have become one 
of the most important species in global 
aquaculture. Native to Africa, several 
species of tilapia have been introduced to 
tropical areas of Asia and the Americas to 
increase supplies of animal protein. 
World aquaculture production of tilapia is 
second only to carp, and now exceeds 1.5 
million tons per year (2). Long time ago a 
tilapia was considered a fish of low value 
but in the last years, it reaches up the 
acceptation among consumers and now is 
one of the most species-rich families. 
Aquaculture practices may inadvertently 
decrease the genetic variability present in 
farmed stocks by breeding among related 
individuals or by the use of small numbers 
of founding broodstock. Selective breeding 
programs can also lead to decreased 
diversity when they utilize only a small 
number of “superior” families that may be 
related or use a mass selection approach 
with high selection intensities (3). Unless 
pedigree records are maintained, there 
is often a probability of selecting related 
individuals as parents for constructing the 
next generation and thereby increasing 
inbreeding (4). Conversely, breeding 
programs may deliberately introduce 
divergent stocks and utilize crossbreeding 
programs to increase diversity and 
productivity (5). However, the extent of 
stock mixing, the relative survival of the 
different stocks and the extent to which 
they are disseminated are important issues 
that frequently need to be addressed for 
effective management of aquaculture 
species (6). There is also often a need 
to evaluate the status of wild stocks 
in aquaculture species as escapes of 
aquaculture stocks are common and these 
fish can have negative effects on resident 
indigenous forms (7).
Molecular markers have been used to assist 
breeding programs in many ways. These 
studies, based on the structure of genetic 
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diversity are important and efficient to 
discovery of genes involved in phenotypes of 
interest. Microsatellites, or simple sequence 
repeats (SSRs), represent a unique type of 
tandemly repeated genomic sequences, 
which are abundantly distributed across 
genomes and demonstrate high levels of 
allele polymorphism. They are codominant 
markers of relatively small size, which can 
be easily amplified with the polymerase 
chain reaction. These features provide the 
foundation for their successful application 
in a wide range of fundamental and applied 
fields of biology and medicine, including 
forensics, molecular epidemiology, 
parasitology, population and conservation 
genetics, genetic mapping and genetic 
dissection of complex traits. In the field of 
fisheries and aquaculture, microsatellites 
are useful for the characterization of 
genetic stocks, broodstock selection, 
constructing dense linkage maps, mapping 
economically important quantitative traits 
and identifying genes responsible for these 
traits and application in marker assisted 
breeding programmes (8). 
In Colombia, given the great potential 
of Tilapia in terms of global demand and 
commercial market and the fact that 
shrimp farming has been affected by 
lethal diseases,  the Research Center for 
Aquaculture of Colombia (CENIACUA) has 
implemented the use of intensive shrimp 
farming systems for growing Tilapia (9). The 
Center has demonstrated the usefulness of 
the technology and the necessity of studies 
in genetic diversity that assist the efficiency 
of the breeding programs. 
The objective of this study was to determine 
and evaluate the genetic diversity of 
six populations of red hybrid tilapia 
(Oreochromismossambicus X O. niloticus), 
that were differentiated genetically in the 
process of adaptation to different farm 
environments. This study was conducted 
the Research Center for Aquaculture 
(Ceniacua), Colombia, using Five 
microsatellite and 50 samples per strain. 
with the purpose  to assess the potential 
benefit of a future breeding program using 
these populations. 
 
MATERIALS AND METHODS
Sample collection and storage. A 
total of 300 samples were collected in 
six different locations of four States in 
Colombia (Huila, Risaralda, Valle del 
Cauca and Meta). An aliquot of tissue was 
placed into an eppendorf pipette with 99% 
ethanol and then carried to the molecular 
biology laboratory for DNA extraction and 
microsatellites analyses.
DNA extraction.  An amount of 30 mg of 
tissue was cut from each sample and DNA 
was extracted using a modified protocol 
of Chomczynski and Sacchi (10). In brief, 
preserved tissue was wash in TE 1X buffer 
(10 mMTris pH 8.0, 10 mM EDTA) 5 minutes 
at 14.000 rpm. Then the samples were cut 
and incubated with 500 μl of guanidine 
isothiocyanate for 30 minutes at 60°C. 
Subsequently, a volume of isopropanol was 
added and centrifugated for 15 minutes at 
14.000 rpm. To wash the DNA, a volume of 
ethanol 70% to the upper layer was added 
and the sample was centrifugated for 5 
minutes at 13.000 rpm. The DNA pellet 
was then air-dried, resuspended in 100 μl 
of TE and stored at –20°C until used.
Microsatellites selection. Five 
microsatellites were selected (UNH 
106, UNH 222, UNH 172, UNH123, and 
UNH216) (Table 1), based on  the level of 
heretozygosity and the good amplification 
obtained.  
Table 1. Characteristics of microsatellite loci 
used in this study.
Polymerase chain reaction and 
electrophoresis. The polymerase chain 
reaction (PCR) was performed in a 20 μl 
reaction volume with a final concentration of 
Locus Primer Sequence Annealing Temp (°C)
Size 
(pb) Accesion
UNH 106
f-CCTTCAGCATCCGTATAT
50 130-240 G12259
r-GTCTCTTTCTCTCTGTCACAAG
UNH 222
f-CTCTAGCACACGTGCAT
55 122-209 G12373
r-TAACAGGTGGGAACTCA
UNH 172
f-AATGCCTTTAAATGCCTTCA
55 119-194 G12324
r-CTTTTATAGTCGCCCTTTGTTA
UNH 123
f-CATCATCACAGACAGATTAGA
55 145-208 G12276
r-GATTGAGATTTCATTCAAG
UNH216
f-GGGAAACTAAAGCTGAAATA
45 116-154 G12367
r-TGCAAGGAATATCAGCA
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200 μM each dNTPs, 2.5 mM MgCl2, 0.5 μM 
of each primer loaded with Cy5, about 10–
100 ng of template DNA, 1 X Taq buffer and 
1.25 units of Taq polymerase. PCR cycling 
conditions were as follows: 4 min at 94°C, 
35 cycles of 20 s at annealing temperature 
(45–55°C) (Table 1), and 20 s at 72°C, 
followed by a final elongation step of 4 
min at 72°C. PCR products were separated 
on a 6% denaturing polyacrylamide 
gel using an ALFwin sequence analyzer 
2000 (Amersham Biosciences) following 
manufacturer’s instructions and the 
bands were analyzed using the software 
AlleleLocator 1.03 (Amersham Pharmacia 
Biotech AB). 
Genetic diversity analysis. Changes 
in genetic variation of the populations 
were evaluated by estimating, expected 
heterozygosity (He) number of alleles, 
conformation of Hardy Weingberg, linkage 
disequilibrium Fst, the F statistics for the 
hierarchy of individuals within the species 
(Fit) and populations (Fis)  were estimated 
using the program POPGENE Version 1.32 (11).
Analysis of molecular variance (AMOVA) 
was used to partition the total genetic 
variance into components due to differences 
between populations, among individuals 
within populations, and among individuals 
within each stock. That was calculated 
using the software Arlequin 3.1 (12). 
Neighbor joing phylogenetic tree were 
constructed based on Fst and corrected 
average pairwise difference distance matrices 
using the program Mega 4.0 (13) (Figure 1).
The distributions of the samples were 
observed plotting the likelihood of individual 
genotypes in all populations (Figure 2) 
using the software Statistic 7.1 (14).
RESULTS
All five microsatellite loci were polymorphic, 
with UNH123 as the most variable locus 
with 16 alleles, and the less variable UNH 
106 and UNH 172 with 4 alleles respectively.
Allele sizes ranged from 130 to 240 bp for 
UNH106, 122 to 209 bp for UNH222, 119-
194 bp for UNH 172, 145 to 208 bp for UNH 
123 and 116 to 154 bp for UNH 216 (Table 
1). The mean number of alleles per locus 
per population was 8.367. 
The population 5 had the highest mean 
number of alleles with 9.6 alleles, followed 
by population 4 with 9.4 alleles, population 
2 with 9.2, population 3 with 8.0, population 
1 with 7.2 and population 6 with 6.8 alleles.
The analysis of the distribution of genetic 
variation indicated among population 
variation was very low (17.32%), while 
among individuals within populations was 
(28.55%) and within individuals was high 
(54.12%) (Table 2).
Table 2.  AMOVA analysis of variance of Tilapia 
populations
The standard diversity indices showed that 
population 4 was the most variable (mean 
He=0.837) followed by population 1 (mean 
He=0.728), population 3 (He=0.721), 
population 5 (mean He=0.705), population 
2 (mean He=0.690), population 6 (mean 
He=0.586).
Highly significant deviations from Hardy–
Weinberg, exhibited all of the populations, 
mostly due to deficits of heterozygotes. 
Genotype frequencies at loci UNH 106 of 
population 5 and loci UNH 172 of population 
6 were Hardy-Weinberg equilibrium (HWE).
The molecular diversity indices showed 
that population 4 had the highest average 
gene diversity over loci (0.837 +- 0.464), 
followed by population 1 (0.723 +- 0.409), 
population 3 (0.721 +- 0.408), population 
5 (0.694 +- 0.395), population 2 (0.673 +- 
0.385), population 6 (0.586 +- 0.343).
The population 4 had the highest correlation 
of the alleles on the gametes (Theta) 
(5.164) followed by population 1 (2.678), 
population 3 (2.593), population 5 (2.394), 
Source of 
variation d.f.
Sum of  
squares
Variance  
components
Percentage 
of variation
Among populations 5 193.269 0.37139 Va 17.32
Among individuals 
within populations 287 684.419 0.61216 Vb 28.55
Within individuals 293 340.000 1.16041 Vc 54.12
Total 585 1.217.688 214.396
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population 2 (2.229), population 6 (1.415).
The Wright’s F statistics showed the 
highest fixation indices Fit and Fis, which 
illustrated their deficits of heterozygotes 
(Fis=0.34535 and Fit=0.45875).
Genetic differentiation between populations 
was analyzed using FST pairwise 
differences. All estimates of pair wise FST 
were significant (p<0.05). The largest 
genetic differentiation between populations, 
using FST pairwise differences, was between 
the cultured populations 2 (Alevinosdel 
Valle Hatchery in the Valle del Cauca) and 
population 6 (PiscicolaPiedraPintada Hatchery 
lacated at the Huila state) (Table 3).
The neighbor joing phylogenetic trees were 
constructed using Fst genetic distance matrix. 
The Risaralda and Valle samples formed one 
group, the populations of Meta formed other 
group, while the populations from huila were 
clustered into another one (Figure 1).
Table 3. The pairwise Fst distance of the 6 
populations of red hybrid Tilapia 
analysed.
The dispersion graph showed that the samples 
from population 2 from Valle del Cauca State, 
Alevinos del Valle Hatchery are concentrated 
in one group and the others samples form 
another group (Figure 2). 
Figure 2. Dispersion graph of main coordinated 
species of populations. population 
1=Risaralda (Piscicola Rio Nilo 
Hatchery); population 2=Valle del 
Cauca (Alevinos del Valle Hatchery); 
population 3=Meta (Langostinos del 
Rio Hatchery); population 4=Meta 
(Piscicola Primavera Hatchery); 
population 5=Huila (Piscicola El 
Triunfo Hatchery); population 
6=Huila (Piscicola Piedra Pintada 
Hatchery).
This could be explained by the geographic 
localization and the fact that the other 
samples have more genetic diversity and 
possibly more selection pressure. 
DISCUSSION
Microsatellites are highly variable nuclear 
genetic markers, which are inherited co-
dominantly in a Mendelian fashion (15). 
Microsatellites have been found suitable 
for a variety of applications in fisheries 
and aquaculture research, particularly 
where genetic differentiation within and 
between populations may be limited. 
Potential applications in aquaculture include 
monitoring changes in genetic variation as a 
consequence of different breeding strategies, 
the investigation of interactions between 
wild and cultured populations, parentage 
assignment and estimation of relatedness 
between potential breeding pairs (4,7,15-17).
Figure 1. Neighbor Joing phylogenetic tree 
constructed using Fst genetic distance 
matrix. Population1=Risaralda (Piscicola 
Rio Nilo Hatchery); population2=Valle 
del Cauca (Alevinos del Valle Hatchery); 
population3=Meta (Langostinos del 
Rio Hatchery); population4=Meta 
(Piscicola Primavera Hatchery); 
population5=Huila (Piscicola El Triunfo 
Hatchery); population6=Huila (Piscicola 
Piedra Pintada Hatchery).
Population 1 2 3 4 5 6
1 0.000
2 0.195 0.000
3 0.132 0.192 0.000
4 0.105 0.138 0.124 0.000
5 0.160 0.205 0.221 0.153 0.000
6 0.221 0.239 0.229 0.171 0.157 0.000
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Genetic diversity is important to cultured 
populations because it provides the 
necessary spectrum of genotypes for 
adaptive response to changing conditions 
and heterozygous individuals usually are 
superior to less heterozygous individuals 
in many economically important 
characteristics like growth, fertility and 
disease resistance (18).
The original red tilapias were bred in separate 
instances in Taiwan, Israel, and Florida by 
crossing mutant-colored O. mossambicus 
with either the Nile (O. niloticus), blue 
(O.aureus) or Zanzibar tilapia (O. urolepis-
hornorum) (19).
Like the Nile tilapia, the red tilapia hybrids 
have been propagated in Asia, and are now 
widely cultured in Central and South America.
The red tilapia hybrids are colored either gray, 
albino, pink, red-orange and dark-blotched. 
In most cases, the characteristics of red 
tilapias were morphometrically intermediate 
(in terms of snout shape, mouth width, head 
length to standard length ratio, mouth width 
to head width ratio, and peduncle length to 
peduncle depth ratio) between the species 
used in the hybrid crosses (20).
The red-orange hue of the red tilapia comes 
from the O. mossambicus parent, where 
the red coloration is inherited as a simple 
Mendelian recessive (21). 
Hence, because of (a) the use of relatively few 
and possibly bottlenecked mutant-colored 
female founder stocks in the original hybrid 
crosses, and; (b) the propagation of stocks 
through several generations using the red-
orange hybrid progenies as parents for 
subsequent crosses, genetic variability of 
the red tilapia hybrids is not as high as 
expected and the stocks have become less 
divergent (22).
The results obtained in this study, for mean 
expected heterozygosities ranging from 
0.587 to 0.837 agreed with those obtained 
for Rowena et al (22) who found values 
ranging from 0.567 to 0.715.
That indicated that variability of the red 
tilapia is low. Rowena et al (22) showed the 
same results for mtDNA-RFLP analysis where 
the five red tilapia stocks were also noted 
to be less variable. These results may be 
counterintuitive in that interspecific hybrids 
such as the red tilapias might be presumed 
to be more variable and divergent from 
each other than the Nile tilapias, having 
been produced by crossing entirely different 
species.
The values of Ho showed significant 
differences with He. That frequently happens 
in cultured populations (22, 23).
The Fis and Fit values represent a measured 
of genetic frequencies in relation to panmitic 
frequencies expressed in excess or deficiency 
of heterozygotes and can be interpreted as 
endogamy coefficient (f). The results show 
inbreeding in all the population due to an 
excess of homozygosis.
Looses in genetic variability is hope because 
of the characteristics of reproduction, the 
origin of strains and the genetic improvement 
management.
Melo et al (24) worked with commercial 
hatcheries and found 39 alleles in 5 loci. 
Rutten et al (23) studied 4 strains of Nile 
Tilapia and obtained a range of 5 to 7,5 
alleles by locus. Rowena et al (22) found a 
variation of 4.8 to 10 alleles by locus. In this 
study, was obtained a mean of 6.33 to 11.66 
alleles by locus. 
The AMOVA represent high percentage of 
molecular variation due to with individuals 
(54.12%) and less percentage between 
populations (17.32%). Melo et al (23) found 
low variability with individuals. It could be 
associated with imbalance proportion of males 
and females used to reproduction. Rowena 
et al (22) found low genetic differentiation 
among populations of Nile tilapia.
The results of this work demonstrated that 
the microsatellites technique is a powerful 
tool to evaluated commercial fish populations. 
These data will allow to take decisions on 
facts about the reproductive management 
and the intensity of the selection, with the 
purpose to maintain low level of inbreeding.
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